A primer onﬁpm cloud detection




Principles of 1.38 ym cloud detection
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Strong water vapor absorption band at 1.38 ym

With no high clouds, radiation scattered from
surface and low clouds is absorbed by water
vapor (surface and low clouds form a dark
background)

With high clouds present, 1.38 ym radiation
scattered by them reaches the sensor because
there is not enough water vapor above to
extinguish the signal

High clouds stand out in 1.38 um imagery
against the dark background

1.38 ym image



Caveats

« Does not work when atmosphere is dry, < 0.4 cm precipitable water and
surface albedo high (deserts, polar regions, high altitude regions)

« This is mainly a high cloud detection method, and picking up the thin cirrus
only is considerably more tricky

Works in polar regions only with

sufficient water vapor and when

surface is not too reflective (e.g.,
does not work for fresh snow)

(From Gao et al., TGRS, 2003)



False cirrus detections

MOD021KM.A2001355.1715.005.2005328172743.hdf
Terra MODIS Truecolor Scene

Region examined in
following slide

Courtesy of Steve Platnick, NASA/GSFC



Cirrus_Reflectance
(B.-C. Gao product in MODO6, represents 0.65
um band reflectance inferred from 1.38 ym

Various Scene Masks
(cloud mask detection represented by all colors but
red and black, see notes for details)

observations)
38°N, 95°W
0.0 reflectance -3
location Q
~ 2% refl.

. retrieval attempted
as water phase
retrieval attempted
as ice phase

removed by CSR

. Gao only
. cloud mask only

i [l nothing detected

(missed by cloud mask
as expected)
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surface features surrounded by false “cirrus” detection
Courtesy of Steve Platnick, NASA/GSFC




Confidence level

0.0
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or fail (Bits 13-23)

MODIS cloud detection philosophy
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Thin cirrus flag on

confidently clear

confidently cloudy

R1 RC RZ |
R,1-38 R.'38 R,1-38
non-snow/ice 0.030 0.035 0.040
snow-ice 0.0450 0.0525 0.0600




Zonal Cloud Test Frequencies from MOD35
October 18, 2003
Daytime Ocean w/o Sun-glint
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Zonal Mean Frequency of "Extra” Thin Cirrus Reported
by MCD35 1.38 micran Thin Cirrus Flag
October 16, 2003

F’mpurhun of Terra pixels repurted as thin cirrus
that would otherwise be clear or probably clear




---¢--- Thin Cirrus
—eo— High Clouds
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Fraction of clear pixels for which the
1.38 ym MODIS thin cirrus spectral
test indicates cloud presence while
the full MODIS cloud mask indicates

clear skies
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presence while the full MODIS cloud

mask indicates clear skies
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Some thoughts on LDCM 1.38 um

* How will the 1.38 um band be used in LDCM?
— Part of the cloud mask algorithm? Separate mask?
— Separate thin from thick high clouds?
— Provide imagery in the ordering system?
« Quantitative use is difficult
— Thresholds for cloud masking depend on SZA and surface type
— Isolate cirrus reflectance for scene correction
— Need cirrus reflectance in remaining bands
— Experience with MODIS, but spatial resolution is different
— Radiative transfer modeling is needed



Picking thin cirrus in color composites

RGB 0.67, 055 O46pm RGB_16087138pm

“*—H-a-m—-.

Blue indicates thin cirrus, Aqua indicates ice, Yellow
indicates low liquid water clouds, White indicates higher
water clouds.

Courtesy of Steve Platnick, NASA/GSFC



1.38 um vs. true color RGB images

true color

1.38 um

(b) (c)

(from a Gao et al. TGRS, 2004)



1.38 um vs. visible images

MODI

“hanned
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Zoom 1n of contrails and cirrus

(from MODIS cloud mask ATBD)



Removing cirrus (image correction)

0.65 num Image
(Un-corrected)

1.38 pun Image

0.65 jum Image
(Corus-Corrected) g

(from a Gao et al. presentation)



